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REMARKS/ARGUMENTS 

Claims 35-37, 45 and 48-54 remain in this application and are not withdrawn. 

Claim 35 is amended above to distinguish from the prior art cited, and the language of dependent 
claims 36, 37, 45 and 48 to 54 is amended above for consistency with new claim 35. 

Currently claim 35 as amended above recites an oligomer or polymer of a saccharide bearing one 
or more pendant moieties mat possess a group able to bind to a support, wherein each of the 
pendant moieties are linked to said saccharide via an amino linkage, and wherein me saccharide 
is fully functionalized. 

Support for the claim as amended above can be found, for example, in the claims as originally 
filed (oligomer or polymer of a saccharide bearing one or more pendant moieties; fully 
functionalized), from page 14, line 18 to page 16, line 15 of the description (group able to bmd to 
a support) and in page 10 of the description and in Example 1 (linked to said saccharide via an 
amino linkage). As such, applicants respectfully submit that no new matter is added. 

Consideration and entry of this amendment are appropriate because the amendment places the 
application into condition for immediate allowance and does not necessitate additional searching. 

Concerning the rejection of claims 35-37. 44. 45 and 48-54 under 35 US .C. 112 

The Examiner has reapplied his rejection of claims 35-37, 44, 45 and 48-54 on the basis that 
there is no support for the use of the term "amino" in these claims. Reconsideration of this 
rejection is again requested. 

As mentioned in the previous response, the reaction scheme found on page 10 of the description, 
which displays an oligomer or polymer according to an embodiment of the invention, clearly 
displays an amino linkage between the saccharide (p-cyclodextrin) and the electrophilic or 
nucleophilic moiety. While page 10 of the description names this linkage as an imino linkage, it 
is clear from the reactants used (-NH 2 and a tosylate group) that the only possible product from 
the reaction described is an amino linkage (-NH- or -NR-). In fact, none of the reaction schemes 
described in the description, including the examples, could lead to an imino (-N=) linkage. 

Further support for the amino linkage is found, for example, in Example 1, where allylamine is 
reacted with mono-6-deoxy-6-p-cyclodextrin to give mono-6-N-allylammo-6-deoxy-fl- 
cyclodextrin. 

In light of the above, we submit that mention of ''amino" linkages in the claims does not 
constitute an addition of new matter. 

For consistency, the term "imino" on pages 3, 4 and 10 is corrected to read - amino -. 
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Concerning the rejection of claims 35-37. 44. 45 and 48-54 under 35 U.S.G 112 

The Examiner has objected to the term "reactive" in the claims. The language of the claims is 
amended above to no longer refer to the term ''reactive" 

Concerning the rejection of claims 35-37. 44. 45 and 48-54 under 35 a&CL 102(b) and 103(a) 

The Examiner has reapplied US Patent 6,017,458 (the C 45S patent) against the above claims, 
saying that the reference anticipates and makes obvious the subject matter of these claims. 
Reconsideration of this rejection is requested in light of the amendments above. 

In his objection, the Examiner states that the claims are anticipated by or, in the alternative, 
obvious over the '458 patent, and that any difference between the claims and the cited patent 
would reside in optimizing the elements of the '458 patent Unfortunately, the Examiner has 
failed to define what is meant by "optimizing". 

With regard to novelty, the claims as amended above are clearly not anticipated by the c 458 
patent as the cited reference fails to disclose an amino linkage between the oligomer or polymer 
of a saccharide (a cyclodextrin in the case of the "458 patent) and the support., 

With regard to obviousness, as the Examiner has not cited any additional references in 
combination with the '458, we understand that the Examiner considers that all the elements of 
the claims would be known to a person skilled in the art in light of the teachings of the '458 
patent and the common general knowledge in the field in question. However, there are no 
teachings in the '458 patent and the common general knowledge that would lead a person skilled 
in the art to replace urea linkages (as taught in the c 458 patent) with the amino linkages found in 
the present claims. This assertion is supported by the fact that the reaction pathway necessary to 
achieve amino linkages is completely different than the reaction pathway used to make urea 
linkages. As such, there are no teachings in the c 458 patent that would lead a person of skill in 
the ait to the invention as claimed. 

Concerning the rejections_olclaims 35-37, 44, 45 and 48-54 under 35 U.S.C. 103(a) 

Applicant's response to the remaining rejections made by the Examiner have been combined 
below for clarity and succinctness. 

The Examiner has rejected the claims, saying that they are obvious from either US Patent 
5,639,824 to Okamoto (the '824 patent) or US Patent 5,198,429 to KSnig et al (the *429 patent). 
The Examiner states that the claims differ only from these references in that they fail to recite: 

a) fully functionalized; 

b) silyl moieties; and 

c) an amino linkage, 

and that these differences would be considered to be obvious in light of US Patent Nos 6,017,458 
to Ng et al. (the '458 patent), 5,104,547 to Cabrera et al. (the '547 patent), 4,298,500 to Abbott 
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(the '500 patent) and 5,964,996 to Armstrong (the <996 patent). Differences a) and c) will be 
discussed below, and it will be shown that the teachings of the cited references do not, even in 
combination, disclose all the elements of the present claims. 

Fully Functionalized 

The Examiner states, on page 3 of the Action, that it would have been obvious to "cap" in 
Okamoto either because Ng and Cabrera disclose capping to block hydroxyl groups, or because 
Abbott discloses that capping the remaining available sites allows for separation of specific 
biomolecules. A similar statement, regarding the Konig reference, is found on page 5 of the 
Action. 

However, the Examiner seems to have misconstrued the teachings of the passages referred to in 
each of the Ng, Cabrera and Abbott references. From a more careful reading of column 4, lines 
1-7 of the Ng patent and of column 3, lines 48-55, of the Cabrera patent, it is clear that the end- 
capping reaction described does not refer to the functionalizing of the hydroxyl groups on the 
saccharide moieties, but of a functionalizing of the hydroxyl groups on the support member, 
which in both cases consists of a silica gel support. Similarly, while the language of column 8, 
lines 49-56, of the Abbott patent is not clear as to which groups are being "capped", it is clear 
from the language of the abstract: 

. .and "capping" other sterically available active sites on the support. . " 
that the groups being capped are those on the support. 

As such, the passages relied upon by the Examiner to make his rejection of the claims of the 
present application do not disclose fully functionalized oligomers or polymers of a saccharide, 
but they disclose a post-reaction process where the reactive groups on a support are reacted with 
"capping" agents. 

In the present invention, a pre-immobilisation functionalization of the saccharide is important, as 
it has been shown in the past that fimctionalization of cyclodextrin cannot be efficiently carried 
out after immobilization since it entails heterogeneous solid-liquid reactions. In fact, not all 
hydroxyl groups on cyclodextrin can be functionalized once the cyclodextrin has been 
immobilized. Therefore, the post-reaction processes taught in the passages relied upon by the 
. Examiner would not be suitable, in combination with either of the Okamoto or the KSnig et al. 
references, to render the present claims obvious* 

Amino Linkages 

On page 5 of the Action, the Examiner states that it would have been obvious to use an amine in 
the Okamoto reference (the '824 patent) because Armstrong (the 6 996 patent) discloses that ether 
and amines are interchangeable linking agents. Similar comments are made on page 7 of the 
Action with regard to the KQnig reference (the '429 patent). 
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In the response to the previous Office Action, we brought to the Examiner's attention that 
macrocyclic antibiotics are complex molecules having a large number functional groups that can 
be utilised to perform linkages to a stable support, and that the strategies for attaching such 
molecules to a support do not automatically translate into sound strategies for linking pendant 
groups to an oligomer or polymer of a saccharide. In the re-application of his rejection in the 
present Action, the Examiner states that there is enough motivation to combine the teachings of 
the Armstrong reference with either of the Okamoto or the Konig reference. However, while 
there might or might not be such motivation to combine the Armstrong reference with either of 
the Okamoto or the Konig reference, the Examiner has failed to appreciate that the teachings 
found in the Armstrong reference are not applicable to the Okamoto or Konig references as 
cyclodextrins do not have the reactive groups necessary to perform the type of linkages 
accessible to macrocyclic antibodies, and that none of the cited references provide the teachings 
necessary to permit cyclodextrins to perform such linkages. 

In order to attach an amino linkage to a cyclodextrin molecule, a reaction must occur, not at the 
oxygen atom of the hydroxyl group of the saccharide moiety, but at the carbon atom to which 
that oxygen atom is attached. There are no teachings in any of the cited references that would 
permit a person skilled in the art to perform the necessary reactions to obtain a saccharide moiety 
that is linked through an amino linkage. In the present application, the teachings necessary to 
obtain the amino linkage are provided, as it is taught that amine linkages are attached by 
displacement of an electrophilic leaving group (e.g. a tosylate group) attached to the saccharide 
moiety. There are no examples of such a process in any of the references cited. In all of the 
cited references that deal with immobilized cyclodextrin molecules, the reactions used to attach 
the cyclodextrin to a spacer or tether go through very different processes, and none of these 
processes would lead to the formation of amino linkages. 

The teachings of the Armstrong reference are not applicable to the teachings of the Okamoto and 
Konig references, as no special reactions are required to obtain amino linkages with macrocyclic 
antibodies since most of these compounds already bear the amine groups required to obtain this 
linkage. In fact, all four of the macrocyclic antibodies exemplified in the Armstrong reference: 
Vancomycin, Streptomycin* Rifamycin B and 3,5 dimethylphenyl-derivitized vancomycin (Table 
1) contain one or more amine groups suitable for obtaining amino linkages. The structures for 
Vancomycin, Streptomycin and Rifamycin B are shown in the accompanying Exhibit A. In the 
Armstrong reference, the amine moieties found on the antibodies were reacted with a linker, 
which linker is reported to be an isocyanate (-N=C==0) in the immobilisation procedure, and such 
a reaction follows a totally different chemistry from that reported in the present application. 

Reconsideration of the Examiner's rejection is respectfully requested, as the statement relied 
upon by the Examiner in the Armstrong reference cannot be deemed to be applicable to the 
teachings of the Okamoto and Konig references. 
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Information Disclosure Statement 

Applicants acknowledge, with thanks, the Examiner's consideration of the Information 
Disclosure Statement that was filed on June 17, 2002. 

The photocopy of the Form PTO 1449 that was signed and returned by the Examiner bears a 
notation: "No copy of AJ was filed." 

Applicants respectfully disagree with that statement According to the records of the 
undersigned, a copy of AJ (Li, et al., Cyclodextrms and Their Applications in Analytical \ 
Chemistry, Chem, Rev. y 1992, vol. 92, pp 1457-1470) accompanied the Information Disclosure 
Statement that was filed on June 17, 2002. 

In any event, a copy of AJ is transmitted herewith along with a new Form PTO 1449 that lists 
that publication. 

Applicants request that AJ be considered at this time and listed as a "reference cited" on the 
issued patent 

No fee should be required for this submission because a copy of AJ was filed on June 17, 2002. 
Conclusion 

Applicants respectfully request that a timely Notice of Allowance be issued in this case. 



One World Trade Center, Suite 1600 
121 S.W. Salmon Street 
Portland, Oregon 97204 
Telephone: (503) 226-7391 
Facsimile: (503) 228-9446 



Respectfully submitted, 




Richard J^dlley f 
Registration No. 28,107 
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«-cyclod«xtrln 0-cyclodwxtrln 

1. Structure ota- 9 fi-,*fi& T-cyclod«xtrlBL 

of higher analogue* costing of up to 13 glucose 
unito, 5 -* Up to now, a^ 9 '0^v t MM&^yckAsxt^m f which 
are comprised of sh^ewer*, right, rtdnina f lucoee unite, 
respectively, have been ieolated by selective precipi- 
tation with appropriate organic compound*. 7 " 10 Cy- 
dodextrms with 10-13 glucose unhs were also identified 
by chroraatographic m et hods."* Cydodextrins corn- 
posed of leaa than eht glucose unite ere not known to 
eiirtduetorterkhliidran^ 
of the starch helix.** 

lnveetigationa of cydodextrxn cbemUtry have been 
on the Increase for several decades. The de*criptloM 
of the structure end properties of eydodextrins and 
their application* have been the subject of several 
boob," 1 ' 18 e number of review article*, 1 ** 8 more than 
600 patent*, and innumrrfihln papara. Tbe reasons for 
the enomoue effort in the study of cydodeattrina ere 
thai •uchroobculM have mhertmtintereet^thatie, their 
phyeical and chemical properties merit study; they are 
the first and probably the most Jxoportanx example of 
relatively simple flrgyir componnda which exhibit 
complex fonnation with other organic molecule*; they 
are excellent mndela of enzyme* which led to their u*e 
as catalysts, both hi enayinatta and nonenaymatic 
reaction^ and thay ate natural products and readily 
avaOabte tor raoatraaearchera. 

Tr»opplkatkmaofcyckxieit™ 
iatrylnt^een review^ The 
emphasis of Hto»* review bad been to survey the 
application of cycWexlrin* In chromexographk sep- 
aration and purification methods, Szejtlfs review was 
focmcd specifically on the application* of cydodeithns 
in chroraatofraphic separation and fluorescence apec- 
trometzic analyeis with little or no attention being given 
to the area of elartrocharnkal analysis end UV-vialhle 
•pectrornetric anaryaia. On the basis of previoua 
review^ tha topta to be covered in this rc view include 
the use of cyclodextrina in eleotrocheimcal analysts; 
the use of cyclodextrina in UV-vuuble, ruxnineeeanoa, 
ai^NMRapectronatricanar^ 
in various rhroTnatfyrr^^ Aaaprereq- 
nitdtrj to thg di^T"—*™, afam^fcnea *Ttd propertie* of 
(^dodBrtrinH will be described- The roal of this review 
is to provide a summary of the available haformation 
concerning the appMcatfona of cydodaxtrina in various 
areas of analytical diemiatiysothatareao^meaairy 
see what baa been- done and readily locate the appro- 
priate references to the primary literature. 
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Of ^yclodsxtriiL. 



0.70 
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Figure S. Molecular 



(■atria T-eyai«daa»ri» 

of cyclodextrina. 



/ U MntcUrm avtf Proportfe* of CfdodmxiHnB 



Figure 1 shows the chemical structures of w, Ih, and 
^-cycloderfcrins. As their appearance suggests, in the 
cydodextrin rnolecules the glucose unite, all in classical 
Cl chair wmtorrjiation, axe linked by ce-1,4 bonda- This 
geometry gives the cydodextrin the overall shape of a 
truncated cone with the wider aide fanned by the ' 
secondary 2- and 3-hydroxyi groups and the narrower 
aide by the primary fc-hydroxyl (Figura 2) . The number 
of glucose unita determine* the dimension and siae of 
the cavity (Figure 8). . The cavity ia lined by the 
hydrogen atoma and the glycoeidk oxygen bridge*. The 
nonbonding electron pair* of the glycoaidic oxygen 
bridges are directed toward the inside of the cavity, 
producing a high electron density and lending it some 
Lewis base character. As a result -of this s pecial 
Bjimngeniantof the functional 

molecule*, the cavity is relatively hydrophobic com- 
pared to water whUe the external faces axe hydrophilUc 
Ihttocyciodextrmroo^ 

ia also formed mtmnolecularry between the 2-hydroxyl 
and the 3-hydroxyl groups of adjacent glucose units. 
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Table L Clteraeterirtki of *-» 0-. end r*5y«l«dwtrliii 
" chsrtctertitief a 0 * 


ha. of ftuisMlt Uniti 
molecular weight 
salublUty in water 

(f/lO0mL) 
cavity diameter (A) 
hejshtcitorwtA) 
pK.v*luei 


6 

1233 


7 

1136 
IM 

IZ20 


a 

1297 

23.2 

7.*-aa 

7.9 ±0,1 
12.08 



This hydrogen bonding ring gives the cydodextrin a 
remarkably rigid structure, 

B. IM Properties of CyekNtoxtriM 

As a consemjence of these structural f Datum, cy- 
clodejrtrins have some unique physical and chemical 
properties. Some of the Important physical properties 
md characteristics are llatad tn Table L 

Cydodextrins ar« water-soluble with solubilities of 
146, IM, ud 23.2 g/100 mL f or and -r-eyclc- 

dextrin, reap#ctiV0ly. Tha spectroscopic etudles an 
cydodextrin in aqueous solution auggaat that tha 
conformation of cydodextrins in solution to almost 
identical to their conformation in tha crystalline itatc* 
CyclodaztrizaiBrsslaUainslkanm How- 
ever, they era susceptible to add hydrolysis. Partial 
acid hydrolysis of cydodertrine produces glucose and 
a aarias of acyclic nammoeluiridaaJ* Tha stability of 
cydodextrins toward add hydrolysis depends on tha 
temperature and acidity. For example, the rate con- 
stants of hydrolysis of ^cyclodcKtrin at 100 # C in the 
solutions of 0.0115 N HQ and 1 -1 6 N HO are LS * KT 4 
and 4.8 X 10" 1 mm" 1 , respectively. In the presence of 
1.15 HCU the rate constants at 40 °C and 80 "C are 
1,0 X 10^ and 3*7 * 10"" mm" 1 , respectively. Under 
normal experimental conditions (pH higher than 3*5, 
and temperature low than 60 °©» cydodextrins are 
fairly stable. 

Although the daavaga of the 1.4-glytaudk ponds can 
occur on f -irradiation of crystalline 0* and Y-cycm- 
dextrins™ they are fairly resistive to tha light within 
the UV-visiba) and IR ranges. 

The most characteristic property of cydodextrins i* 
their remarkable ability to form inclusion complexes 
with a wide variety of guest molecules ranging from 
organic or inorganic compounds of neutral or ionic 
nature to noble gases. It seems that the only obvious 
requirement 1* that tha guest molecules must fit Into 
the cavity, even if only partially. Complex formation 
in solution is a dynamic equilibrium process which can 
* be illustrated by eq 1, where CD is cydodextrin, Q is 



CD + G**CD-G 



CD 



hydrophobic moiety of the guest molecules and the 
cydodextrin cavity, (ti ) hydrogen bonding between tha 
polar functional groups of guest molecules and the 
hydroxy! groups of cydodeztrin; 0i0 release of bkh- 
energy water molecules from the eavitym the complax 
formation process; and (iv) release of strain energy in 
the ring frame ■yitem of the cydodextrin. The role of 
hydrogen bonding is not universal wsteWe complexes 
are fonned with guests euch as benzene which cannot 
form hydrogen bond*. 

Regardless of what kind of stabilising; forces is 
involved, the geometric capability and the polarity of 
guest molecules, the medium, and temperature are the 
mostfoportantrectom 

the Inclusion complex. Geometric rather then the 
chemical factors are decisive in determining tha kind 
of guest molecules which can penstrste into the cavity. 
If the guest is too small, it will eesQy pass in and out 
the cavity with little or no bonding at alL Complex 
formation with g ue s t m ol e cule s si g nific a nt ly larger than 
the cavity may also be possible, but the complex is 
formed in such a way that only, certain groups or side 
chains penetrate into the cycsodextrhi cavity. 

The stability of an Induslon complex also depends 
on the polarity of the guest molecule. Only substrates 
that are lees polar than water can form inclusion 
complexes with cydodextrins. The stability of a 
complex is proportional to the hydrophobic c 
of the guest molecule. Highly t 
complex vary weakly or not at 1 

In principle, Induslon complexes can be tormed sitber 
in solution or in the crystalline state- However, 
complexation la usually performed in the p re se nce of 
water. The stability itrvngly depends on,tb* netunof 
tl* medium used for complexation. Although indostou 
complex formation takes place hi an organic solvent, 
the guest molecules are generally only weakly com- 



the guest molecule, and CD-G is the indusion complex. 
The stability of the inchist 00 complex can be described 
in terms of s formation comrtant CK f ) or a dissociation 
constant (K*) as defined in eqs 2 and a. 

K t - [GD-G]/([GDHG]> (3) 

K d -l/K f -(tCDMGJ)/[CD-G) (3) 

It has been generally accepted that the binding forces 
involved in the complex formation are (i) van der Weals 
interactions (or hydrophobic interactions) between the 



In general* the stability of an inclusion complex 
decreases with increasing temperature. The direct 
evidence for the effect of temperature on the etability 
Is the effect of temperature on the retention time of 
chlorophenols on a ^-cydodextxin-bonded stationary 
phase. 81 For all of the 19 chlca ophanols, decreases tn 
retention time with mcreaslng temperejture were ob- 
served. This is likely to follow the decrease in the 
binding constant to 0-cydodexirin with increasing 
temper stura. 

Complexing ability can also be improved by chem- 
ically modifying the cydodextrin molecules. Cydo- 
dextrin* can be modified by (i) substituting for the H 
atom of the primary or secondary hydroxy! groups, (ii) 
substituting for one or more primary and/or s econdary 
hydroxy! groups, (ill) eliminating the hydrogen atoms 
of the-CHiOH groups (s*g> by conversion to -COOK), 
or (iv) splitting one or more Cf-Cs bonds through a 
periodate oxidation- Recent interest in the use of 
diemicallyincAfled ny^nfomtrinm ft» varioua purposes 
has generated e number of reviews ded i cat ed to the 
syntheses and app&cation of cydodextrin der 1 vettae** 
In several other reviews, some information on 
cydodextrin derivatives has also been mdudecL 

As a result of complex fonnatlotu the characteristic 
properties of the induced substance, such as solubil- 
ity. 4 ^ chemical reactivity.** 2 nK* values 4 *- 44 dlffu- 
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pharmaceutical, rood, cumncw muuiw 
arena." In the priarmaceutieal industry, c*clc4extxin* 
and their d«vmthwlu^b^™rf mdw either for 
ci>mpk>xatkm or ai auxiliary additives such m eohibir 
Use**, diluents, or tablet iiigrediente to improve the 
physical and cheinkal properties, or to enhance tha 
hlo^aflabmtyi^pQorly^oUibtodrugB.^^ Int tofood , 
coamotua,tdlalTy l and tobacco fadurtxiBa,cydode3dririi 
have been widely used either fox stabfliratioii gf flnvor* 
and fragrance* or for the elimination ofundeairsdtaatoa, 
microbiological conUintoatlons, and other undesfrod 
component*.**-* 7 Inthachaod^induBtry fc cy dod p nTO 
and their drrrvativaa we used ai catalyses to improve 
the selectivity of reaictiona, a* well aa fox the eepeistioo 
end purifiortion of industrial-scale P 1 ^** ^ Jf* 
been nportod that up to the end of 1986, about 760 
p**ents^r*» puhlkhed relatinf to cydodertrini and 
their applications, with An increase at the rate o£ 80 per 
annum. It i* expected that with huniwig production, 
broadening research, end dwraaing price*, the apph' 
cirticswofcydodextdnsairitn^ 
incre^inawidevane^ofii^uetriee. Moredetafla 
on the application of cydodsxtrins in industry can be 
obtained in recent monograph** 1 " 1 In recant years, 
cy dodertrhwi and their derivative* have also been uaed 
in various fields of analytical chetnittry, especially in 
eriBlyticalaerjaxatiocia. These will be the topic* of the 
following r - ^ - 



/I/ r Apple**** of CychdmxMM to 



The high electron density prevailing inside the 
cydodextrin cayity can mobihxe the electron! of the 
inducted guert molecules, resulting in change* in various 
■pectral proportie* of both the gu*«t end cydodextrin 
lteelf» The effect of cyclodextrine on the »pectral 
properties of |wt molecules bo* led to their lae ai 
roagenti in varioue ■pectrometric anaryaea» i ncludin g 
UV-viafble spectrophotometry: analyaia* fluorescence 
and phosphoreacence methods and nuclear magnetic 
i spectroscopy. 



A. Cydodoxtrto* In UV-VWbN 
Sp^cfroc^ornetrtc Anafyass 

Since tha spectral change* of colored moleculee in 
the presence of cydodextrin* waa first observed in 1951 
by Cramer * the effect of cydodsxtrins on UV and 
visible spectra of various guest molecules has been 
afc^^awwn Figure 4 shows the UV epectr* of 
amphotericin B in watOT end In aqueous 7-cydod«ct*in 
rotations. Generally, a bathoenromatic shift and an 
abearbance cbange (increase or decreaae) can be ob- 
served in the preeence of cydodextriiuu The changes 
in abaorbanai upon adding cydodextrin* have been used 
to calculate the diiaodation constants using the Scott 
equation 71 or the Benc.i HiMebrand equation. 78 

The compkxation of analyte end/or coloring reagent 
can effectively chang© their properties. Son* of the 
moatuseMcinWBjmaflfollom: (0 increased tolubuity 
of apolar analyte* and/or reagents in aqueous media; 

(ii) increased Btabffity of sensitive reagents end the color 




300 



aeo 



400 



nm 



4. UV ipeetra of Amplwtmein B in wa^ and m 
louaous 7-cyctodaxtrin sdutum (reprinted from ref 18; 
copyright 1986 Kluwer Academic PubU*b* n\ 

complexes in aqueous or nonaqueous solutions; (ill) 
increased sensitivity of the color reactions through 
intensification of UV absorption; and (iv) improved 
selectivity of color reactions. Theee effects make 
cydodextrins useful auxiliaries in the epactrophoto- 
rnetrio determinations of a wide variety of compounds 
mj element** 

Tha effect of 0-cydodextrin on color reactions of 
various metal ions with triphenyta ethane, xanthene 
add dyes, and soma other coloring rsagent* has been 
studied by Qi et aL n It was found that selectiv ity of 
thecokxraadionsisimpcoi^ 
to the solution, Recently, Huang et al™ studied the 
effect of 0-cyclodextrin on the asso ci a f on compound 
nyitem of metal (Mo, Zn, CoHhiocynnate bask dyes 
(Malachite green, crystal violet, Rhodamiue B, Rhod- 
amine 6G. and Butylrhodarnine B). The presence of 
£-cydodextrin resulted in a more sensitive and stable 
system, The improved sensitivity and stability resulted 
from the formation of 0-cydodexbrin inclusion com- 
plexes with the beaicdyee, thus increasing the solubility 
of th« basic dyea and creating a favorable mkroenvi- 
ronrnent for the color reactions. Tuo et aL 7 * reported 



in leaves and human hair, the sensitivity of the color 
reaction of Cu(II) and mcsc4^akis<4-methoxy-3-«d- 
fophenyUporpnyrin was enhanced by fi036 in the 
presenpa of a-cydodextrin, 

ff-CyclodcTtrin can forma 1:1 inclusion com p lex with 
1^-anuiioanthraquinone in aqueous solution. Thieia 
employed to sdubilne the antbraquin one in water for 
use as a ligand for metal tons. In the preeence of 
0-cydodsxtrijft, 1,2-diaminoanthxaAuinone has been 
umed far the determination o€palladium at trace level* 
by apectrorADtometry. 17 The limit of detection of ll 
ng/mL can be obtained. 

Zhe et aL™ described a new epactrophntomatrlc 
method for the determination of mkroemounts of Zn 
based on the Zn^tWrOToc^ 
p^ydodextrfa- The apparent molar abeorptivity st 638 
nm U B.37 times larger than that in the absence of 
/EM^clodgxtrin- 
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Cycl odexirins can be used u atAbUiie r* for coloring 
1 compound* and color indicator! rood in analytical 
chemistry, Saketa «t *L* wd a-cytdodextrbi aa a 
stabilizer to increase the stability of indicator* uaed for 
tha aptctrophotomrtrk dttarmmatinn of hydrogen 
peroxide in body funds. 

Cyckxlexfarina and their derivativco have also been 
used in enzyme essay* and eozym* activity zneasura- 
menta. Modified cydodextrm*. gluco«yl-<a^<^ckxlnrtrin 
and nudtoaytoHTclodBEtrin, have been used in an 
analytical system to inert*** the accuracy and eenai- 
tivttyof tJbeasssy of amylase. 00 In trie smylaaa detection 
procedure, the sample was treated with a reagent 
mixture containing bengilidett* p-nitropbenyl malto- 
pentaoxide, gtacoamylase, ghjcosyl o-cydodex^rin, and 
soma other component*. The mixtur© was monitored 
Bpcctrophotonietrically at 400 nm. 

^-Glutamyl transpeptidase activity can be ■pectre* 
photometrically determined using l/Vglutamyl-p-ni- 
txoanllide as substrate in the preeence of Bulfopropyl- 
/9-cyclodextrin In the reaction solution." 1 Addition of 
the modified /Z-cydodextrin to the reaction solution 
enhance* the solubility of the substrate, thus increasing 
the sensitivity of the measurement 

Up to now in UV-vtolble spectrophotometry analysis, 
cyclodaxtrmi are mainly used as reagents to improve 
the solubility and atability of colored complexes formed 
between analyte and coloring agent* and to enhance 
the sensitivity and selectivity of coloring reactions. With 
broadening research in this field , more app licat i on s of 
cyclodextrim and their derivative* in UV-visible speso- 
trophotonutrie analysis are expected* 

a Cyctedextrai* In Aiudytteal Lia n e i o ec e i ic* 
Spectrometry 

Molecular luminescence spectrometry, especially 
molecular flucreecence ipectrometry, has become es- 
tablished is a routine technique in many analytical 
applications. In many cams, molecular lurninescence 
spectrometry can yield a lower detection limit and 
greater selectivity than molecular abnorptioTi spec- 
trometry. However, although moat compounds show 
• strong fluorescence or phosphorescence in organic 
solvents, the intensity of himineacence la rather weak 
in water. Adding cytJodextxina, which Conn inclusion, 
complexes with snalyte molecule* in aqueous solution, 
csn result in nig»Jfi«iit Awhgwmiyi^f tfaeflnPTaseanc* 
or phoepborescence. The first utilization of cyclodex- 
trina W luinineecencawaaby Kinoahita «wnmrkm 
who. examined their oflect on the daneyi method for 
thsflnnrimetricdetefminittto 
The inclusion of analyte molecules into the cyclodextrin 
cavity can offer certain advantages: 

1. The structural conformation of the cyclodextrin 
protect* the fluorescing singlet atate or the phospho- 
rescing triplet state of the analyte* from external 
quencher*.* 4 "* 1 

2. As aconseqnenceof inclusion complex formation, 
the rotation of the guest molecule is hinderwl, and the 
relaxation of the solvent molecule* is considerably 
decreased. Both of these effects can result ins decrease 
in the vibrational deactivation, 

a The cyclodextrin cavity behaves similarly to the 
organic solvent. It afford* an apoler surrounding for 
the included chrumophore. This altered microenvi- 



ronrnent can provide favorable polarity and add/ base 
equilibria for enhanced quantum efficiencies and hence 
the intensities of lnrnineacence. The effective mj- 
croen vironuent of the cyclodextrin cavity is likely to 
be similar to that of auch oxygenated solvent* as 
dioxane, tert-amyl alcohol, or l-octanoL** w 

4. The cyclodextrm solution can improve the de- 
tection limit for hydrophobic analytes in aqueous 
solution by increasing their solubuity or for h ydrophilic 
analytes by increasing solubility of the water-insoluble 
fluorescent compounds into which the analytes are 
incorp orated - 

Inclusion complex formation with cyclodextrin usu- 
ally results in a higher fluorescence quantum yield- It 
has been found that the fluorescence intensities of many 
compounds, such as pyreae* various illicit drugs, 
narcotics, hallucinogenic^^ and polychlormated b£- 
phenols 9 * are significantly increased by the complex 
formation with cyclodextrina and thai derivative*. 
l-AriilirM>xmpht^en*«-iuifonate is strongly fluores- 
cent in organic solvents, but show* only a negligible 
fluorescence in aqueous solution, However, in en 
anueouecydodcxtrinsolutk^ 
significant. Tha fluorescence intensity of thia com- 
pound in /i^yclcdextrin solution is increased shout 10- 
fold. 7 * The effecta of aqueous eyolndextrhn on the 
fluorescence emission of sjnrnonrant Ttttacr obsnao-fef 
ox*»l f g-diaxnle-4'iultbrtete labeled glutathione, ace- 
tylcysteine, and cysteine and of somedensyktedainirxi 
adds were recently investigated by Baeyens etaL^In 
the presence of cyclodextrin, flunreseenc 
menta up to 8-fold were observed for the** i 
incooir^Tiso^withtrjic^isdnalvslui 

The fluorescence hrteiM^ 
eelntkn decrease * bfofl estrsjBooi In the prasnme of 
a water-sotubl* tutfopropylated ^dodcxtrra the 
quench irtf of naphthalene by aeration m totally sup- 
PTessad N A recent study shows that both monomer 
and exdrner fluorescence of I*3-di(«-r*aphthyi)prtjp*tf» 
can be quenched by RNA in methwnrtl-water binary 
solvents. The quenching, however, is hindered m the 
presence of 0-<yclo6Mtriii* 

Simflarry, the quenching of halonaphthalene phos- 
phorescence in water by NaHOa can be substantially 
inhibited by ^dodextrin. w The rate of inhibition 

depends on the tightness of the fit of the analyte into 

the cyclodextrin cavity or the ratio of cavity to guest 

diameter.* 7 

Retinal, which is normally insoluble in water and I* 
not fluorescent in s ol ut io n at room temperature, emit* 
luniineseeaoe in the region of 450 urn, permitting 
fluorescence detection when complexed with fi- or 
7-cydodextzin, even in air-saturated aqueous solution-* 

Cyclodextrina have also been usedmtholnminsacenn* 
detection of volatile compounds. Filter paper, treated 
With cyclodextrin. is capable of eflScieatry trapping the 
volatile compounds, auch as 1- and 2-naphthoU and 
permitting a strong luminescence signal to be ob- 
served 00 CyclodexDnns can be used as solid matrices 
for obtaining room ternperature fluorescence (RTF) and 
room temperature phosphorescence (RTP) from the 
absorbed compounds. An approach for the production 
of phosphorescence at room temperature in fluid 
solution using cyclodextrina was described by Bcypinsld 
and Cline-Love,^ 1 ^ This approach was used for the 



PAGE 26/38 * RCVD AT 7/27/2004 6:04:43 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/5 * DNIS:8729306 » CSID:503 228 9446 * DURATION (mm-ss):1W2- 



07/27/2004 15:13 FAX 503 228 9446 



KLARQUIST SPARKHAN 



@]027 



I4tj CWieil Revtewf. 1M2. Vol. ax. ^ 

determination of polynuctoar uromatic hydrocarbons, 
nitrogen heterocyclic and bridged biphenyls with 
subpicogrsm detertionlimite end well-reaolved spectra. 
A 30C70 0-cydod extrin-NsCl mixture produced strong 
hnxdncacsncoeignnfai from absorbed compounds without 
the need of nWvy atom. This matrix provide a 
sensitive method f e# tho determination of p^nunobeu- 
sok add and phewanthreone-" 19 

Ill* effect of cy clodextrins on the exdinncemerit far 
chgmflunrinwcwM* h*» been reported An Wr 
hancement of 7-fold ft)» chemilumiMtrtnce of the 
luminal related compound! wu reported by Kiuntani™ 
Woolf andGreyeski 104 studied the affect of cydodextrin 
gjflritiam on nqt^oua paaoxyoxalsts chcmaumi n ssc Bnc e. 
It was found that cyciodextrins wara capable of In- 
cremlng the light output by factor* up to 300. Tho 
anhan camont could be attributed to mereases in ra* 
action rata, excitation efficiency, and fluorescence 
eflk^cy of the emitting specie* 

In moat cases, tha presence of cydodextrm will 
enhance tha himinaacanca- However, cyclodextrin can 
*lso selectively quench the tumineacanca of aome 
coinp«iiMb if iJie chrompphort and the o,ueneher we 
included in the some cavity." A study of the affect of 
0-cyclodaxtrin on the fhweeaeenca of Ixanthene dyes, 
coumsxmm, and pynmethanr^ifhwobofon complexes 
in aauaoua solution shows that the presence of 0-cy- 
dodextrin enhances the fluorescence of 7-hydroxycou- 
marin and coumarins, but quenches tha fhmreacence 
of tha 7^hj^£y^inethylcoumaxin salts.™ 6 This be- 
havior of cyclodaztrina provides a new approach to 
multicoinponent fluorometri c analysis. 

Biolctfieally active amines, amino acids, peptides* 
catecholamines, ttt™" 1 " 1 compounds, etc. can be lu- 
mineacently determined ea their dansyl dcrivati ves. The 
derivatisation procedures ere usually carried out in 
aqueous medium (NaHCOi solution). Prior to tho 
determination the dansyl derivatives muat be trans- 
ferred from aqueous solution into on apolar medium, 
to allow for stronger luminescence. Thia time-con* 
suming procedure has bean replaced by using a host- 
guest sensory system of danayl-modiBed 0-cytlodex- 
ijtin.K* This system shows his^sensith^ 
co m po unds. 

Recently, a fiber-optic cyclodextoir>hased (FCD) 
sense* far fluorometric detection of a wide variety of 
organic compounds waa developed by Alalia and Vo 
Innm" 77 This FCD sensor uses laser excitation and 
nuoposcence detection with ^dodextrin immobilised 
at the tip of an optical fiber. The sensitivity of this 
FCD sensoria 14 tm^greata than that of a be^e optical 
fiber whan meaaurexaent was made for pyrene with the 
senaor immersed in a buffer after a 10-min incubation 
period. 

C CyckKtertfrii In NMH Spectroscopy 

J H NMR Hpectm of cyctod-xtrins and their inclusion 
complexes were first investigated by Demarco and 
Thakkar. www These authors found that when the 
aromatic moiety of a gmwt molecule is included in the 
cydodextrin cavity, protons located within the cavity 
(3~H and 5-H) are susceptible to anisotopic shielding 
by the aromatic moiety* and thus a upfield shift ia 
observed. Protons located on the exterior of the cavity 
(2-H, 4-H, and 6»H) are relativelyAtneifected. Following 



UansFvey 



this pioneering work, NMR spoctroscopy became the 
moat powerful tool for tha study of i nclusi o n complex ' 
formation between cyclodaxtrina and a variety of guest 
molecules. Initially .the mvestigatlona were only curied 
out in aohition by 4 H NMR, but now 1 *C NMR^N 
NMR, 1 " 1S F NMR, 1W and tt P NMR"* •pectcoscoplc 
methods all have been used for the inclusion complex 
formation studies, even in the solid state. 

Id NMR spectroscopic analysis, cyclodaxtrina are 
mainly used aa chiral NMR shift reagents. In many 
eases, the influence of cyekdextrin inclusion complex 
formation on the N MR features of the two enantiomefa 
of a chiral compound differs in chemical shifts. 114 A 
19 F NMR study U1 of the formation of disstereoisomwii: 
inclusion complexes between fluorinated amino add 
derivatives and a^clodextrln in 10% D*0 solution 
shows that the chemical ehifte of the R amino add 
dsrivstives-n^yciodextrin inclusion complexes are 
upheld from those of their 5 analogues for deprotonated 
JV"^fluorobenj»yl)valme. deprotonoted n^fluophe- 
nyDglyrine and jY-e**tyl-nHp-fluoropheny^ 
The shift difference between the diastereoiaoniers 
formed with R and S (or D and L) enantiomera can be 
used for chiral analysis and optical purity determina- 
tiooe. For example, the interaction of 0Hgrclodextrin 
with propeju^hydrochkride produces rli sstereomerk 
pairs. Observed in DjO solution at 400 MHx, the 
protons of tha antipodo gfeo l H NMR signals which 
differ in chomical shifts- The intensity of the resonance 
signals for each diastereoisomer has boon used fox 
optical purity deterioration* 11 * By adding racemate 
to pure (-) isomer, thia novel technique i$ able to 
measure optical purity of propexolol hydrochloride in 
water down to the level of 

IV. Crdofrxtrk* to Ehcirvchtmlc* An*fy+ 

A. Dectroche^necsl Sehavfor of Cydodoxtrlra 
and CydotfoxMn Incluaiort Compatxee 

Cramer 114 reported in 1953 that adding eydodextrln 
to an aqueous methylene bine solution resulted in an 
increase of its redox potential by 0.043-0.048 V at pH 
7.0 and 8.0, respectively. Following Cramers invsati* 
gation much worx has been devoted to the study of the 
electrochemical behsvior of cyciodextrins and cycle- 
dextrin inclusion ^Tfrr^i* and to tha utilisation of 
various slactrochemical methods, snch aa cyclic voham- 
polarographyt potentiometiy > and conductom- 
ctry, for the meanirementa of stability constants and 
dissociation rate constants of cydodextrin in cl us io n 
complexes. 1 " 1 * In a review paper, Bexsier et ai m 
described the recent development of the electrochem- 
istry of cyciodextrins and cydodextrin inclusion com- 
plexes- 

CyciodiiXtrins, which do not form dc (direct current) 
polarogrfiphk waves, exhibit edsocptiWdesorption 
peak* on cyclic Toltammograms, demonstrating ad* 
suipiioD process aa 1gft ~* JM The surface tension of mercury 
is lowered by the absorption of cyciodextrins ox their 
complexes, and the drop time of the mercury decreased 
in cyclodextrin solutions, 1 *? Detailed investigations 
indicate that the absorption of cyciodextrins depends 
on the electrode potential applied and shows a very 
complicated character due to two-dimensional con- 
densation of cyrjodextrina and reorientation effects in 
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the idntbtd ttate.w At lwi negatm potential., 
'cydadoxtrhi molecule* ar* oriented in& ^cwrtly 
perpendicular to the electrode «ur^ while at niore 
p^ttvepotentufcorimtniteM^ 
■parallel* and "perpeadlodar*. 

Adsorption affect* hen been esploito* f* 
Quantitative uaaye of cyrlod«lrt* YiW**^ 

S^wave.fortheqnan^ 

M*U of «- and (^ck>dBrtri^ ^ uidx^ 

tofiWcomftoeewfthliniMeaeUh^^ 
toLMfaotld. 1 " Th« method haebeen appbid to the 
ralygU of imroobilfced cydode*trin* at wefl m cy do- 
dextxim in complea mixture* of etarch and iUt* 
degrading aaaymae. . 

Tf£ tarnation of Inehialo* couple** can n»uK in 
dramatic changes in the electrochemical WV*xw™ <» 
^mZTto. erf Ito«jtudied ^effect 
S^yclodextnn on the peak height; wd half m 
potential! of the pdaiopiphic f«dud$ori <* "fSi 

SSplStoTOation with ^dodea^wutee a de- 
creied peak height and a thlft of the *, g Joward 
neaatlve potential* tor each of the eaten ofhwlroxyt 
baxokadd. The change* in potential weteobaereed 
ittthattDowingotdeK ethyl > propyl > butyL 

w» arwultof the ^^"^--^^I^S! 
formation of Induetoo compleiee end leflec ted the 
tandeiicyofthe«eetentoco«nph«i^P-w*loaMTO 
The complexity of the benzyl vidctfen polaioeraphy 
vikee tbepdarogiaphic ateey diffiojlt^Hoiwv.^ m 
S^ewn^^cydodirttbi e much efanpler differ. 
Mitial nulee Dolerogram U observed.™ 

T^itadie-W soma other mv^k^^ 1 ^' 
BUggBetthatfKJaxogfai^eadvohiBnnrt^ 
3^3£irKiudo«p^ 
with electroective inoieculea m aqueous aoLubon- mm 
the change* In peak height an d in l*alf -wave polratial 
both the ttability conetanta and the difi^^ 
dente of the indmiai oamplei^<^ W«t^ ^ 

elrnddating the Mtwr* of thi mduBkm complex** 

B. UM of CyetodwWna In ©•ciiochwlcid 
Analytlt 

Relatively few report* have been published on the 
uaa of cydodextrtna in ahdroAemica] enalyaie an 
* compared with their uaa in difoinatogral^ «epa»- 
tlona. Recently, acraw attempta lww been mrfa tooee 
the enhanced eetactivity reaching torn eydodiixirin 
isduaion complex formation for tho polartjgraprnc/ 
voitammatnc analy-ia of doctroactiva gueate, 

Monroe at eL*» ba*e developed a ngii»lective 
electrode aymtem with a poly(perfluoro sulfonic add)- 
coatad electrode baaad on cydodcmtrin complaiataoii 
for tha datanniutkn of o-nitrophanol in the praaenco 
ofp-iittrophanoL Tl^p-mtoopba^ahowa^axtx^ 
dinarily small reduction paak on a regloaalactiva 
elactroda m a-cydodaxtrin ddution. while tho uffott of 
a-cydodextrin an o-nitroph«i»l ia (muilL Tha syatem 
i» & tim^t mora ■anaitm to o-nitrophunol than to 
pajBitrophanol, theraby allowing an accurate determi- 
nation of 0-nitrophanol in tha pmenoa of ita para 



iftomar* Bpeciea-adacUva voltamroatric datanninatku 
of o-nitrobanaana darivaUvaa waa alao tuccewfully 
porfonnadcmlhia electrode syntom with cr-cydodaztrin 
in iol\itkHL lli 

Voltammetnc aanaoia ratponalvt to anionic guetta, 
hoaad on hoat-fuait molecular r«cogmtion< , taja ra* 
centty baan devolopad by Nagaaa ct aL^ Tbaaa 
Ydtammetricianaorawarfi ocmathictedwithioamiirana 
oaaambUaa of Hpophific cydodartrin polyamina con- 
taining anion racaptora dapoaitad directly on gla^ay 
carbon dectrodaa by the Langmuir-Blodgatt (LB) 
method- 141 Macrocydic polyamina and cydodattrln 
polyamina are capable of binding with ontonlc gwata 
mmultiprotoiutc^forina. Tha ta^pon^to^ «noi^ 
miemti appearm bb the cfocr*a*o of peak height In cyclic 
TOltaumwtry wing tFerfCNW^ a» market Ion. Tha 
Mliwiivitiea for poaitional laomara df phthalata ware 
found hi the order of m^ifopbtholnta > p-teraphthakto 
>f>phthalate. Tha adectivtty obaarved la ppailbiy due 
to the hoatrgueet interaction involving in tha cydo- 
de&tdn cavity. j 
Tamagaki at aL 1 * deecrlbad the raaponaa of gold 
elactrodea coatad «Hth e monolayer of i^lodextrinthki 
derivativea. Tha flactrocnemical bahoviw of tkaaa 
clectrodaa baa been etudled voltammatrically uiing 
SSSa«l^ u^m^Jf* - the 
markmx elwctroactiva aubatrata. Bacanthr, achgol 
Bonaor baaed on a peroctylnted a-cydodextrin waa 
developed by Ba»ea and eivwockarfw 1 ^ Ttap^octy- 
ayoyt^odaxtiin waa uaed in a potentiometnc ioo- 
•electiva dectroda to mouiure the enantiomeric purity 
crfephedrineml^pwo^of aarum cattona. 

Several gaaea can form hiduaSon rofftplarna with 
cydodextrina in tha aolid atate. In aohitfon. auch 
compkxea are diaeodatedv Thia couW be a new 
approach for tha quantitativa deteitninatiooa of tha 
KMea. Martre at aL ul have naad cyclic vokammetry 
for the aaaay of oxygen releoeed ftom a-cydodextnn. 

V. Applc*tton$ ei CyctoOmwtrln* av 



iaa I 



In recent year*, cydodextrina and their derivatlvee 
have i«ttved mudi atl»n^ 
graphic feeparationa. The wido ioteraat in the uaa of 
cydodaxtoim aa a aei>ar^ 
fact thaVcydodsxtrine can offer a bighly adactrva 
Bystemfozclironmtograph^ Cydodextrm 
compiaxatkni ia highly aalective, moreover at areaae* 
kdive. Induaion compki fcrmatkm ui mainly oftetted 
hythalryd^pholn^Bndtta 
Thua, atoxic factor* are crucially important for the 
formation and the stability of cydodaxtnn induaion 
complexea. The partitioning and binding of many 
hydrophobic and hydrophillic organic mde cuJaa t o the 
cyckKlextrin cavity can be much mora aelectiv* than 
the partitioning and binding to a aingk advent or to 
a aingle traditional itationery phaab* For thia reaaon, 
cydodextrina find their nee in typically diffiailtiep- 
axatkma of enantiomei^ diailei^omorv itrncturml i*o* 
mere, and geometric iaomera, in all current typee of 
chiometogrephy. 14 ^ 

JL Cycaodaxbiim fen Thto-Lnyer Chrornaio«ranhy 

Cydodtfttrinfl end their derivativea have been u*ed 
for the thin-layer chromatographic (TLC) aeparatlona 
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of agroat variety of compound* InTIX^clod£atriM 
bi* mainly used as components of the mobile phase* to 
improve the selectivity or to enhance the ehiomato- 
graphic detection* 

Aqueous a-cydodextrin solution ha* been applied an 
a mobfle phase additive for the separation of a wide 
variety substituted aromatic compounds. Hinze et 
£u*m* 1^ sported the separation of 25 phenols and 
napbthol* end 18 substituted benzoic add derivativea 
on polyamide plates with o^ydodextrin in the mobile 
phase. Itwwfoundthatmagivsnfamiryof compounds, 
tor example, o-. m- t and p-nitrophenols, the isome r with 
the largest stability constant far ft* a-cydodextrm 
complex had the larger ii, value. In general the order 
of A/is para- > meta* > artho-ftubstftuted Isomer. The 
applica&ion of fr^cyclodextrtn is limited by its narrow 
cavity diameter. Larger molecules do not fit the cavity, 
thus the selectivity is not improved for those larger 



/5-Cyclodextrin, which has a larger cavity diameter, 
shows a wider application in TLC separations. Lspri 
et aL 1 * 4 * recently reported the separation of methyl- 
thiohydsitttim derivativea of DL amino adds and a 
number of naphthyl derivatives by TLC on 80X318- 
60F plates using aqueous 0-cydodextrin solution as 
mobile phase, Ths enantiomeric separation of dansyl-, 
dmitrophenyK diiiitropyridy 

substituted amino acids has been achieved on the layer 
ofSiLC 1W0F plates developed with aqueous organic 
solution containing 0-cydod*xtrin as chiral agent 1 ** 
Armstrong et aL w reported ths resolution of a wide 
variety of racemic compounds by reversed-phase TLC 
with mobile phases containing a highly concentrated 
solution of ^cyckidsxtrin. The separated chiral com- 
pounds include the drug labetalol and mephytom, 
methaDocexwa, crown ethers, methyl p-tolueneeulUnste, 
oomkooiie d erivativ es, and several derayi* snd £-naph- 
thylamide-suba tituted amino adds. 

An obvious limitation to the use of native /J- cy do- 
dextrin as a mobile phase additive is ha low aqueous 
solubility. Highly water-soluble c^clodextrm polymers 
and' derivatives have overcome this limitation and 
proved to be very useful in the TLC separation of a 
wide variety of compounds. The reversed-phase TLC 
behavior of various compounds, such as 17 substituted 
a~trtazme derivatives, 1 ** 21 hartitumtes," 7 25 triphe- 
nyhnethane derivatives and analogues," 1 and 33 ni- 
trostyrene derivatives 1 * have been studied on silica or 
cellulose plates In the presence of water-soluble 0*y- 
clodextrm polymers. Recently, Duncan and ArKH 
strong** reported the enantiomer separations of amino 
add derivatives and alkaloids by TLC on different types 
of reversed-phase plates with a mobile phase containing 
mattoayl-^cydodamtrin. Partially substituted (by- 
dr ux yu r op y D- and (hydroaywtfa34)-g*cydodo^ 
also proved to be effective chiral mobile phase additives 
for the TLC enantiomeric separation of various chiral 
compounds, including dansyl- and /3-naphthylamide 
amino adds. 1 * 1 Hinie et aL 10 reported ths resolution 
of isomeric ortho-, meta-, and para-substituted ben- 
xenea, pesticide, polycydic aromatic hydrocarbon, and 
drug test mixtures by TLC on a polyamide stationary 
phase with an aqueous solution of uraa-sohibQked 
0-cyclodextrin as mobile phase. 



In the TLC assessment of drug purity, on-plate 
decomposition of drugs canoccur f rssultmgmajtifsxta. ' 
To overcome this on^*** degradation, Grinberg staLW 
used aqueous 7-cyciodextrln solution as the- spotting 
solution followed by a mobile phase rrmtwititng hex** 
dscyl tximethyiammonium bromide as micelle gener- 
ator. The indusion complex formation between ycy 
dodextrm aim tlai drug moiecu^ 
degradation during the separation procedure. 

Highly selective cydodsxtrin-bonded silica gels have 
also been developed by Armstrong^ for use as sta- 
tionary phases In TLC and HPLC The separation of 
eoantdomerst diaslereomers, and stnictural isomers has 
been achieved by using these cydodextrin-bonded 
stationary phases. 10 * 

D, Cycsodaurtrina n Affinity Chromalography 

Cydodextrins axe known to |"blhft some enzymes, 
Therefore, immobilized cy clodsxtrin can be used in 
artificial afTlnity column chromatography. 

a-Cyclodextrin competitively Uihibita ^-amylase. An 
a-cydodextim-Senharoafl column developed by cou* 
pllng «-cydodertrin to Sepharose 63 at pH 13 can be 
used to separata ^amylase from or amylase and albu- 
min- The a-amylase and aJbumin are not retarded 
and passed through the column. Tha0*smylas#iath*n 
eluted by adding os^rdodextiin to the itartlng buffer 
thus separating it from other enzymes and proteins. 
The activity of the elut*d ^-amylase ii higher owing to 
its purification. Theo<ydodextrin^pharoseafrliu^ 
column baa been used to recover ChaJara-Faradoxa 
amylase from the saccharified starch solution for 
repeated use. 1 * 

Similarly, 0-cydodextrin is an affinity ligand for cereal 
^.amylase. Thus, s^^dodextrin column can be used 
to separate ci -amylase from /3 -amylase and other en- 
zymes. 11 * 0-Cyclodextrfn also shows strong affinity to 
spinach leaf Btarch-dsrarancliing enzymes. Tim afore, 
the 0-cydodextrin-bound Sepharoae 6B column can be 
used to purify the spinach leaf starch-debrancMng 
enzyme- 109 Trie column loaded with spinach leaf is 
washed with sodium acetate buffer to remove other 
enzymes. When the effluent is tree from material 
ernwrbingataaOim},^ 

relaaae the retarded starch^ebranching enzyme. In 
fact, 0<ydodertrin has been shown to be an affinity 
ligand for all types of amykditic enzymes, 179 but with 
different affinity. The enzymes which are retarded on 
the 0-cyckriextrin affinity column are eluted by using 
different concentrations of 0-cydbdsxtrm* 

0-Cfrolodeitrm tetradecasulfate baa a very strong 
affinity to fibroblast growth factor (FGF). Abiaffinity 
chromatographic system with a stationary phase of the 
ifcydodextrin tetradecssulfate polymer mixed with 
Cu-Sepharoee has been used for the purification of 
FGF. m Ba»ic FOF on hm purified by about 200 00O- 

fold from rat clumdioesjconiav 

A 0-cydodeatrin column capable of double recogni- 
tion (carbooyi recognition and hydrophobic recognition) 
has been used in affinity cobum* chromatography. 111 
The packing material ia prepared by Demobilizing the 
primary AJ>bis<2-amii^oetbyl)suWcn 0-cy- 
clodextrin on ths acrylonrtrile-msthyl acryUte copol- 
ymer via a anuoVHnxage. A packed column of 2.7 on 
in length can be used for the affinity cfaroroatographic 
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mmn S. Hertniph«KWi*m» '« tlia aim plant P^wth 

aepexation of any gueat m decule having a hydroptobic 
aitoand a caibooyl group from other compound* of 
lixnflex atructurea, 

a Cyclodmtfta hi EMctmplierMto 

In 1982, TaJieki et *l m first effectively demonetmted 
theuaefulnei* of cyclodextzina in the lBOt*choph<wttc 
nnelyaie of alkali and elkenne mcteli. Thaauftara 
found that the use of a-cyclodextrln as a complexing 
•sent improved the operation through a hostgu<»t 
Xractloru Since tha*time several otto poupilitv* 
become active In tha Inwagatkn of cydodextrine m 
variouatype»ofdei^phOTi«a 
hare aeon many advance* in tm* Bald. 

In camllary zone elcctrophoreeie, cydodexUmahave 
beenautceeafulry uaadaa additive* in tha came* Bystem 
tetbaa«iiaTatlonofftaructaralfeonm 
related compound*. The capillary electrcphoretic 
aeparatian of nine plaot growth regulator* uring a mixed 
carrier eyatem containing ^ydodextrin modifte waa 
reeentiy reported by Yeo et aL"* Tha reeut* ahowod 
• that all the plant growth regulatara wem aaUrfactonly 
^partfed within 20 ^ _ 

An chiial recognition agent*, the uae ofcydodwrtnna 
In th* carriar ayatam baa made captUiiry zor* electro- 
phoraaia a vaeful technique for tha emintiomanc 
separation of a wide variety of chiraloompcunda, wich 
aa tcrbutaline and propranolol, 1 * danayi-DL-anuno 
adda™ rartryptophan and (i^piiiephrine, 117 and 
epkedrine norephedriiiaw »™P™?*J*^^ 
nol^quirttgoUdV**^ and 

Pr ^c^fdectrokinetlc cbromatoprapny <MEKQ t a 

modified capillary electropborearia, permit* the aepa- 

ration of iinchexged compound* by alactxopfaoMte 

tedniiiiua. Howera,ma^lipophu^^ 

aa corticosteroid*, pdycydic ^on^ hy^^nB, 

f*t*ombl* vitamins, and ^^J^^^^ 

corjganare^c^notbaraaol^ 

dodwsfculf at* <SM) aolution*. Tha rfditftiavrf^ 

clodextrin to the 9DQ sohrtiot* can remarkably trnproye 

m^SuZ ^ mirtura of wat^soluble and tet-*c4uble 



MBKC^^^acentr^.a*^ 
fCEKMEKC) eyatem developed by Terabe 
been*u*»eefullyuaedto*ep^ 
and doeely related compounda includinf dnoririated 
benzene*, poiychlormatad bipbenyl congener*, tetrn- 
dJoro<nbeiir^p^iDiin isomer* end polycytbc aromatic 

h3 TS^Tof cydodextrin* aa leading electrolyte 
a4ditivat in iaota^horjTMiraaU 
gttod by Snudkova-Keulenianaove and co- worker*. 
Tha Incorpatation of cydodextrin in the background 
buffer improvea the aelectivity, thua parmitmg the 
efficient iaotacrmphorstic aapaiahon of ew*da variety 
of cornnovxida including pemdlbna. 1|A substituted n*- 
loaanben^oioacida,^ cphedrinc alkaloid enanti<mi^* 
ketotdf en and ita polar intermediate enantiomara,^ bile 
add». iM structurally related and chiral phan o thiafr 
u* and the enantiomera of paeudoep b n dnn e, thtor- 
idaine, noDpeeudoephedrina and hyfrothiadanftW 

fSAkuAhiendHk^^atudiodtheiyff 
Y^ydodeatrin on the mobilitiea of varioua inorganic 
aniona in capillary iaotachophoreaia. It waa found that 
the effective mobihtke of aeveral inuona decreaaed with 
increaaing cy dodextrfn concentration in an ordinary 
leading electrolyte. By using oh<ydc4e^trin In tha 
lading electrolyte* nitrite and nitrate lona, cyanate, 
thiocyanate, and eelrmocyanata iona* chlorate and 
percnWate ion* were completely ■operated .Cydo- 
dextrina ware afco euoceeefuDy mad aa leading elec- 
trolyte addltivea in tha capillary iaotwshophorct^ 
aeparation of poeitional iBomem, auch aa 2-. 3-, and 
*4mmo phenol*, lJ3-,and l^^iaminobenaenta, 1 ** 
and aubttituted aromatic sul&mic aoaa. m The incor- 
poration of cydodextrina within a poly acrylamlde gal 
column can provide a general moon* of manipulating 
tha aelectivHy of an filectrophoraUo aoparatJon. A* an 
example of thia approach, Guttman*' reported the 
dectrophoretic aeparntionB of c^ylamino acid enan- 
rJomers by incorporating fl-cy dodertrm in the gel 
matrix. 



ft. Cyctolaxtrbia m Qaa awofna ft oyaptry 

In gae crmmiatograpby (GO. both mimobuited 
cydodealarma and their derivative*, and cydodextrm 
polymara, have been uaad aa atationary phaaea. 

Several cyclwkxtrin-<»Btainmg polyurediana reaina, 
croaa-Unked with different diiaocyanate*. have been 
uaedmOCaeparetiooBofaaejieaofalcnho^ 
aatara, iafmieric^lanf^picolinea, and lutidinea, 107 Th« 
obearved elntion order for theae comfwunda on a- and 
A^dodertrin^ntaiiung ream* reflect* accurately 
their exi>ectedbtoumg abmty to thereepective cyck> 
dextrin cavity preaent in the teaina, 

Acyiated a- and Cydodextrina, auch aa a-cydo- 
dextxin acetate^ /^cyctoda*trm «*^™" fry* 
dodextrin i>ropjonat^ butyriite, and vaJerate^ and 
parmethylated cr and ^ydodextrin** have been 
U3V e«tigiitadaaatatkrtiaxyT^ Forgea-eoM 
crixomAtography . the etatioiaary phaaa ia l^Pf™* 
depoaiting modified cydodextrin from a dhnethytfor- 
marnide aohition onto the support (a* Ctoomoaorb 
W),followedbyaolvOTtreir^ 
For gaa-liquid chromatography, tha atationary phaae 



PAGE 30/38 * RCVD AT 7/27(2004 6:04:43 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/5 * DNIS:8729306 * CSID:503 22! 9446 * DURATION (mm-ss):144r 



07/ 27/200 4 15:16 FAX 503 228 9446 



KLARQUIST SPARKMAN 



21031 



» prepared by coating the iupport with the modified 
cydodextrin dissolved in dmethylfonnexnidV^ylens 
glycol or any o*er appropriate solvent*" A wide 
variety of compounds in clud i n g a-olafln*, elcohola, 
•ldehyde^ sMehyds diester, isomeric heptade- 
cenoates, unsaturated ester* and Mtumtod fatty aad 
methyl eaters have bn«n separated on these acyleted 
stationary phaaaa. 141 " 101 

Gen duomatographlc separations of aliphatic, *b- 
ty d K tnH itimatic hydrocarbon halo derivatives, and 
aliphatic alcohols have also bean achieved on a- and 
A^dodsxtrin stationary plwaaa.« MM The results 
thawed the xcumn oa of inclusion complex formation 
between the cydodextrtn and the molecultt from the 
gsneoon phase. 

Mora recently* the focus of the work involving 
cyclpdeytrina in GC haa shifted to their utfliatlon as 
chiral stationary phases. Various modified cyclodex- 
trim have been developed and wed aa OC ehtcal 
ttetionary.** 

Keening et el" first reported m 1988 the use of 
pentylated cydodeitrins ea enantiosdoctivc itationary 
phaseaforGC. Since that time, the enantiomers of a 
series of chirml compounds inrfnding amino alnmnsa, 
matinn and amino adds, and amino add esters, 
O alkylated glycerols and different lactones, cyanohy- 
drina and carbohydrates , elkyl baHdea, olefins, katonea 
dicdaptziokcydicacetala, and other hydrocarbons and 
chiral pharmaceuticals have been separated ontihe 
pentylated cydodextrin GC stationary phases.**-*" 

Recently* a series of pentylated cydodextrin deriv- 
atives, 2,0^O-peotyl'3~O-trlfl\^ end 
raydodextrine (DF»TFA) were developed by Arm- 
str ong et aL ttlwX4 as highly selective chiral stationary 
phases for capillary gas chromatography. More than 
160 pairs of enantiomers were separated by capillary 
GC with these chiral stationary phases, Theenanti- 
omers resolved include chiral alcohols, dioto* polyok, 
aminea, amino alcohols, lactones, helohydrocarbons, 
o-halocarboxyiic acid esters, carbohydrates, epoxides, 
nicetins compounds, pyrsne, furans, etc About 120 of 
these 160 pairs of enanttanera could be separated on 
DP-TPA-7-cycJodextrin stationary phase column, which 
is the first reported 7-cydodextrin phase that has a 
than tha 0-cydotiextrin 



Hi 



Gelite coated with a-cyclodaxtrin haa been used as 
a chiral ■tationary phase in GC, Using thi« stationary 
the separation of enantiomeric mixtures of 
jS-pinene, Bmnnsamj and -'camphsue ware 
i** Permathyisted cydodextrins were also 
I in GC chiral separations of racemk sJkanediola, 
_titutcd carboiylic acid eaters, proline methyl eeter, 
and heptamethyiionane, 1 ' 1 and volatile* belonging to 
different dasaea of compounda.* 7 

Anew dasa of hydropMOic cydodextrin derivotrvea, 
0^(S)«2p hjdi e aypr opyl-g"»P*» and 7-cydodextjiDS, were 
recently used as chisel stationary phases for capillary 
QG™ Bevsnty pair* of enantiomers, including chiral 
slc oboh i amines, amino alcohols, epoxides, pyrens, 
furana, ketones, ■ugars, bkycHc compWid*, etc,; were 
separated on this stationary phase. Figure 6 shows the 
chrenrntograms for the enantiomeric separation of 
lactones and bridge-Tin* compounds on this GC 
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Plgnre ft. Enantiomeric sspsration of lactone* (A> and 

bridged-ring compound* on a D»m fused silks cspflUry GC 
column coated with permemyi^(3)-a^by df0^ rprop y l^ 
rivatized p-cyckxtortrin (rsprmted from rsf 216; copyright 
1000 American Chemical Society). 



t CycJodtxtrtne m HK^v^sxfomance UqiM 
ChrCfflaHooxaphy 

Inhigh-perfbrmance liquid chromatography (HPLO 
the use of cydodextrfns and their derivatives haa 
(ichieved spectacular nucceea. This has been inveeti- 
girtedmtwodifCerexitspprosches: the u»e of chemically 
bonded cydodexlriir-aDta 

use of eycJpdaxtrma or highly soluble modified cyclo- 
dextrins as the mobile phase addltlvea in a r 



phase HPLC system* In several reviews, mfon 
on cyclodextrin stationary phases tn ' 2MW and on cy- 
clodfiixtrins as mobile phase additives 3 * 1 has been 
summarised. 

1. Cyclodixrth&oodod Stationary Ptmatm 

In 1966. Sohns and Egli 1 " first reported the prep- 
aration of insoluble, cydodextrin polymers and their 
selectivity In hiding various substances. These first* 
deacrihed polymeric cyd^^ 
ms* abbreviated ECF, soon became the commonly used 
LC stationary phases. The separatic4iof various natural 
products, pertomsa, aromatic adds, c- and p-nftro- 
phenols, substituted cUorobenxokadds^nurMcacio^ 
enantiomeric maodclic acid* otc has been achieved on 
the cydocWrm-ECP itationary phased Several other 
cydodej^zin^ontalr^ e«. cydoo^xtrtnTJoly- 
orethaTia (CDPU) and cycWextrm-poly{ vinyl alcohol) 
(CDP)i ware also d e v elo pe d and need in chromato- 
graphic separation of natural amino «dda«M3i *nd 
alkaloid s. m However, there axs some substantial 
pBjhhms »nrf»^ M^ttwiMppiir^fa^ crfcyclodaxtrm 
polymeric resins in the rC^tC separations, Firat, the 
sccessibility of the cydodagtziii cavitiee on the surface 
and within the. inserii* of tWfKalymerpertick is rather 
different. The entrapment andrelsape of sohites from 
the mobile phase is a diftufiion-controUcd process, 
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FUm«7. gradient ahittoo wp^m <* rhlnmphanrfi fCT) 
ana J-eydodfatrin-bonM ptmc eolwmn (2ft0 x 4.0 mm). 
Mobfislihes* gradient 27-79% M*OH/HjO buffer (O01 M 
TEAA* dH 4.0); f**» nti, 1.0 mlVmiu tomptrsture, £0 *C, 

COT C»-dicEwMW; (10) SAWriCP; (11) WtrlCP; 
(l^TaXteiCP: (13) SAMriCP; U4) MA-WCF; (16> 24> 

totrtCP; a&) jwntaCP (reprinted from rot 2% copyright 1990 

PrSftOTl P ttWl <^ t t fllW )i 

eonwqiMutiy a longer time is needed to reach to 
equilibrium within tin particle than on its surface.* 
Sacund, Squid cbromAto«THp>iy on eyclodextrin polym- 
ers can be performed <mly In aqueous solutions- Third, 
these soft sels cannot withstand the high pressures used 
in HPLC Therefore, the cydrjdicrtrrn polymers axe 
rarely usedae stationery phases in the HPLC sapar*- 



LOU. 

In recent yean, chemically banded cyetodextrm-aflica 
stationary phases, which an adequate tor packings, have 
been developed.***- 1 " The effort* of binding eyclo- 
dextrin to a silica matrix by reacting ammo-modified 
eOica gel with toeylated eyclodextrin have given some 
reeeanable results. The ortho, meta, and para homer* 
of several disuhstitutsd benzene derivatives were ef- 
fectively separated cm theae stationary phases- 236 How- 
ever, the use of theae nrtrqgen^witeHilng linkages 
result* in Urn formation of nitroxidee which givee the 
material a brawn color and renden thia material 
unauitaMefor TLR 

Id 1986, cyclodextrm-bauded Btationary phases, 
which contains no interf aring N or S linkages, were 
developed by Armetrong 1 * and became commercially 
available from Advanced Separation Techn o logies Inc. 
(Whippany. NJ). These packings consist of cyclodex- 
trin molecules linked to sin^B^vma6^10-atem spacer. 
\ B^th thf ti " v *g * thft fiypJftdftrtrin flrahvdrotvtkallv 
stable under HPLC conditions. The attachment ie such 
that the cydodextrm molecules remain physically 
intact This allows the cydodextrin column to effect 
numerous separations by selectively inclu ding e wide 
variety of guest molecules into die cavity. 

CycJodextrmJMmdsd stationary phases have been 
demonstrated to be particularly adept in resolving 
structural isomers. 217 ' 2 * The specificity of inclusion 
cornplexatkm allows the suocessftdseparetJcsitfassriea 
of itructural and geometric isomers, such as prostag- 
landin An A* Bi and o> and 0-naphthols, o t <f- and 
pj/'byphenylst and the ortho, meta, and para isomen 
of nitrophend, nitroanfline, xylene, creed, and smino 
benzoic add. In our previous work, 2 ^* 3 * the retention 
behavior and eepatetkna of Id chlorinated phenols and 



Chomk 



Lj— - 



1992, Vet **, Me. ■ 14S7 




tea si se ee 

(mini (mhO 
Figures* SepsrstUm of tht rtrocturilisomsrscf (A) xylanst, 
CB> mwhi snd ff7> r«/*«m«-irft^im«mlfr acids on a Hhna 
UChxworb BP-IB ealumn (J00X 4.6mm UL) using aqueous 
^cyctodestrin solution e» mobue phsss (reprinted from raf 
23ft; copyright l*fl7 American Chazmcal Society). 



16 chlorinated biphenoto were investigated on the 
/toyclodi^xt^bonded stationary phase. Figure 7 
■hows the gradient resohitian of chlorinated phenols. 
The separation of IB out of the 19 ohlorophenol isomers 
wee acmeved within 35 mln- 

Aa cydodextzina an composed of ehfnl D-giucoae 
units, cyrandextrin complexation provides a powerful 
tool for the separation of other diiral enmpounds into 
enantiomeric Cyctodextrm-bondod phases have been 
used far the reversad-phase separation of a wide variety 
ofanantiomer^such as axially andplanAdJasynmetidc 
compounds, sjnines, ernlno scids i 
metaDocanem, barbtturstee, an4 J 

Recently, many modified cydodcrtrra 
rmas^whichhavsahr^sepaislionsp 
developed. 18 ^ 18 * Some of them have been used for 
enastiomar separstiona, even in normal- phase HPLC 
systems- 1 * P awk r w ak* dcvelopad a mw type of cy- 
dodextrin stationjoy phase by dynamically coating 
permethylated 0-cydodextrin on sflice eupporta. 3, ^ a » 
This stationary baa been used in normal-phase HPLC 
mode far enantiomer separations. 

Z Aqi+om Cyckxtoctrin &*Jkm as MoMe rttas* 

The prppertiea of eydodexLruis, such as (i) selective 
and reversible inclusion complcxatkm, (ii) water soi- 
ubihty f (Hi) light resistant and no abeorption in the full 
TJV range, (iv) stable over a large pH range, promote 
their use as mobOe-phaae additives in revexsed-phase 
aystema. HPLC systems with cyclodeitrin present in 
the mobile phase can realise the separation of various 
isomers: structural Istroars,*" diastereomars, w° aa well 
as ensntintnarm. 341 

Figure 6 shows the chromatogranM for the separation 
of ortho. met*, and pare iaroenrfcreaol t ltt xylene i * tt 
and a mixture of all six isomers of nto^rramfcarid 144 
on the Lichmaorb RP-C1B colnmn with aqueous 0-cy- 
dodextrin solution as mobile) phase. Similar reevlta 
were also observed for ortho, mate, end para Isomers 
of nttrophenol, nitroejulUne, fluoronitroberwene, chlo- 
rordtrobenxene, indcniirohanzaria* dirn^xnbexusene, 84 ' 
mandehc add derivatives. 141 and ethyHoluene. M 

As iflusttnted in Figure 8. cyclodextrins, espedslly 
^cydodextrin, demonstrated high selectivity toward 
these structural isomers. These highly selective chro- 
matographic separations achieved with a cyclodextrin- 
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140* Qmrkaa ftovtows, 1OT2. VgL 

containing mobile phase are due to the difference in 
the stability constants of inclusion complexes in the 
mobile phase solution end to the difference in the 
adsorption of these COCP pW*** on the stationary phnac 1 * 
Cyclodftrtrin- containing mobile phases have been 
successfully used for title enantiomeric separations of 
various chira] compounds including bar hlturatas, mfr 
phenytoin, 241 mnndefic arid and ita derivative*, phe- 
nylAlAnine, 240 a-pinew. 2 * 7 and peeudoepbedrine.^ 

The cydodextrm-cuntainina mobile phase has also 
been uued for th* separation of specific analytee from 
complex nurtures ShiinadnstaL studied the effect of 
eyebdertrinfl in the mobOe phase on the separation of 
various compounds including steroids. 240 ' 300 bile adds 
and their fluorescent dexivativaa, 351 ^ 1 and isomeric 
eetroaens*" 3 The separatkmsof thaw compoundswere 
much improved by the addition of eyclodextrin to the 
mobile phase. 

The use of a cydod«xtrla-<x>ntAining mobile phase 
not only shows high selectivity and improved separa- 
tions * but also offers some other significant advantages 
over the traditional organic solvent ox mixed solvent 
systems. 0 Ennt, line© the aqueous cyclodextrln solu- 
tion* are nontoxic and much ley volatile Of flammable, 
the use of cyckxleitrm-ccoitainina mobile phase is safer 
than the currently used organic or mixed nolvent mobile 
phase. Second, the cyclcdeartrln-contnining mobile 
phasa* which Is airoihutothein^ 
most of the snhjhfflly problems typically associated with 
the use of organic advents and allows for the simul- 
taneous separation of both nonpolar and polar solutes. 
Third, the use of cydudextrin in mobile phase can 
enhance the chromatographic detection. Cepeda-Saez 
et aL*" reported that in the LC determination of 
5-methaxyfworalen, the addition of 0.01 M 0-cydo- 
daxtxm to the MeOH/water (25:75) mobile phase 
produced a ft-fold increase in the fluorescence signal of 
S-methoxypeoraleiL 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: Siu Choon Ng, et aL nmwrffl "" ww 
Application No. 10/054,162 i i«^by ccrtty ft« ^ doc^ts «farcd u, 

PH , u bdng attae,,^ „ enclosed herewith ire being deposited 

Filed: January 18, 2002 witli the United States Postal Service rs Pint Claw Mail in an 

Confirmation No. 5351 

For: MATERIALS COMPRISING POLYMERS 
OR OLIGOMERS OF SACCHARIDES 
CHEMICALLY BONDED TO A SUPPORT 
USEFUL FOR CHROMATOGRAPHY 

AND ELECTROPHORESIS ^ July 21. 2004 

APPLICATIONS 

Examiner: Ernest G Therkom 

Art Unit: 1723 \ 
Attorney Reference No. 4810-62169'01/RJP 

MAIL STOP AF 

COMMISSIONER FOR PATENTS 
P.O. BOX 1450 

ALEXANDRIA VA 22313-1450 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
PURSUANT TO 37 C.F.R. S 1.97(c) 

Listed on the accompanying form P TO- 1449 and enclosed herewith is U.S. Patent No. 
5,324,750 (Lincoln et al). Applicants respectfully request that this document be listed as a 
reference cited on the issued patent. 

This statement is provided in compliance with 37 C.F.R. § 1.97(e)(2). The undersigned 
hereby states that no item of information contained in the Supplemental Information Disclosure 
Statement ("SIDS") filed herewith was cited in a communication from a foreign patent office in a 
counterpart foreign application, and to the knowledge of the undersigned, after making 
reasonable inquiry, no item contained in the "SIDS" was known to any individual designated in 
37 C.F.R. § 1.56(c) more than three months prior to the filing of the "SIDS." 
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Supplemental Information Disclosure Statement, or credit any overpayment, to Deposit Account 
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No. 02-4550. A duplicate copy of this sheet is enclosed. 

The filing of this IDS shall not be construed to be an admission that the information cited 
in the statement is, or is considered to be, prior art or otherwise material to patentability as 
defined in 37 C.F.R. §1.56. 
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